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Herein, we report a case of Paragonimus westermani infection, which required differentiation from
recurrent lung cancer. A 66-year old Japanese man with a history of lung cancer who had undergone a
lobectomy was referred to our clinic for treatment of cough, sputum, dyspnea, and a right pulmonary
nodule. He had previously eaten seafood he visited China. P. westermani infection was conﬁrmed by the
presence of antibody against P. westermani antigen in the patient's serum and eggs in his sputum.
Eventually, molecular identiﬁcation by PCR-restriction fragment length polymorphism analysis and
sequencing conﬁrmed that the patient was infected with triploid forms of P. westermani.
© 2016 The Author(s). Published by Elsevier Ltd on behalf of Japanese Society of Chemotherapy and
The Japanese Association for Infectious Diseases. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Human paragonimiasis is a foodborne parasitic disease caused
by infection with lung ﬂukes of the Paragonimus species. In Japan,
Paragonimus westermani and Paragonimus miyazakii are common
pathogens, and human paragonimiasis is generally caused by
P. westermani [1]. Moreover, in today's Japan, human para-
gonimiasis tends to be more prevalent among middle-aged men
[2,3]. The symptoms and radiological ﬁndings of P. westermani are
non-speciﬁc and varied. Therefore, human paragonimiasis may be
misdiagnosed as pulmonary tuberculosis or lung cancer. We herein
describe a case of P. westermani infection at a tertiary care cancer
center during postoperative follow-up period for lung cancer that
required differentiation from recurrent lung cancer.2. Case report
A 66-year-old Japanese man with a history of squamous cell
carcinoma of the right lower lung lobe, and who had undergone aspital, 1007 Shimonagakubo,
8777, Japan. Fax: þ81 55 989
).
er Ltd on behalf of Japanese Societ
ttp://creativecommons.org/licenseright lower lobectomy 19 months before (Figs. 1A, B, 2A, B), was
referred to our clinic because of progressive cough, sputum, dys-
pnea on exertion, and a nodular lesion on the right middle lobe. The
symptoms had begun approximately 10 months earlier, and at the
same time, left-sided pleural effusion was noted. Thoracentesis
revealed yellowish, exudative pleural effusion with an increased
level of eosinophils and no malignant cells. A nodular lesion
(17  20 mm) on the right middle lung lobe had been detected
7 months earlier. The lesion continued to grow gradually in the
subsequent 6 months. Although bronchoscopy was performed
1 month earlier, there was no evidence of malignancy. As there was
no clinical improvement, he was referred to our clinic by his
thoracic surgeon so that recurrent lung tumor could be ruled out
and accurate diagnosis could be established. The patient had a
medical history of hypertension and diabetes mellitus. His pre-
scription medication included 10 mg/day nifedipine and 2.5 mg/
day enalapril.
In amedical interview that included a detailed travel history, the
patient reported that he had visited China on 3 occasions,17,13, and
8months prior, and Vietnam on 2 occasions, 4 and 2 months before
his visit to our clinic. On further questioning, he denied having
experienced fever, rigors, night sweats, headaches, nausea, vomit-
ing, chest pains, rashes, abdominal pain, and diarrhea. On physical
examination, his blood pressure was 131/89 mmHg, heart rate
was 82 beats/min, respiratory rate was 16 breaths/min, oxygeny of Chemotherapy and The Japanese Association for Infectious Diseases. This is an
s/by-nc-nd/4.0/).
Fig. 1. Chest radiographs. (A) A chest radiograph 20 months prior shows a nodule (arrowhead) in the right lower lung ﬁeld. (B) A chest radiograph taken after a right lower lo-
bectomy 18 months before the consultation day shows no abnormality in the residual lung on the operative side. Compared with Panel B, chest radiographs on the consultation day
(C) and 2 months after the completion of treatment with praziquantel (D) show no change.
Fig. 2. CT of the thorax. (A) A CT scan 20 months before the consultation visit shows a mass lesion (36  34 mm) in the right lower lung lobe. (B) A CT scan after the right lower
lobectomy, which was performed 16 months before the consultation visit, shows no abnormality. (C) A CT scan taken 3 weeks before the consultation visit shows a nodular lesion
(24  22 mm) in the right middle lung lobe. (D) A CT scan at 5 months after the completion of treatment with praziquantel reveals no nodular lesion in the right middle lung lobe.
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Fig. 4. RFLP patterns of PCR products ampliﬁed from the DNA of Paragonimus eggs
from the patient. The ITS2 region of the nuclear ribosomal DNA was ampliﬁed by PCR
and treated with endonuclease BssSI, the enzyme for P. miyazakii (lane 1) or SnaBI, the
enzyme for P. westermani, (lane 2). The mitochondrial 16S ribosomal RNA gene was
ampliﬁed and treated with endonuclease SnaBI, the enzyme for diploid P. westermani,
(lane 3) or BsrDI, the enzyme for triploid P. westermani, (lane 4). A 100-bp DNA ladder
marker was used to estimate the size of the fragments (lane 5). Based on the PCR-RFLP
patterns, we identiﬁed the eggs as a triploid form of P. westermani.
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temperature was 36.6 C, respectively. Auscultation revealed
decreasing respiratory sounds at the right anterior and right pos-
terior lung zones. Superﬁcial lymphadenopathy and hep-
atosplenomegaly were not detected. On laboratory examination
(Table 1), the white blood cell count was 6980/mL with eosinophilia
(13.6%). Eosinophilia was also seen 10 months earlier. The C-reac-
tive protein level was 0.28 mg/dL. Serum tumor marker assessment
showed normal carcinoembryonic antigen levels. While there was
no abnormality on chest radiograph, computed tomography (CT)
showed a nodular lesion (24 22mm) in the rightmiddle lung lobe
(Figs. 1C and 2C) and no pleural effusion.
Although malignant cells were not identiﬁed in the sputum,
trematode eggs, which were likely those of lung ﬂukes, were found
(Fig. 3). The eggs were oval with thickened shells at the non-
operculated end. The patient recalled eating seafood on his visit
to China but denied obvious ingestion of raw or improperly cooked
freshwater crab, crayﬁsh, or other foods known to harbor the
parasite, such as wild boarmeat and deermeat. The patient's serum
was positive against P. westermani antigen and weakly positive
against Strongyloides ratti, P. miyazakii, and Fasciola hepatica anti-
gens by multi-dot enzyme-linked immunosorbent assays (ELISA).
Finally, the patient was clinically diagnosed with P. westermani
infection based on his symptoms, ova in his sputum, and anti-Table 1
Laboratory data.
Date WBC/mL Eosinophils (%) CRP (mg/dL) CEA (ng/mL)
12/26/2013a 9580 5.4 0.26 5.8
03/06/2014 7900 3,0 1.23 2.1
08/14/2014 7560 3.7 0.16 2.3
11/20/2014 8380 17.3 0.42 2.6
04/09/2015 8970 27.0 0.18 2.5
08/20/2015 7890 15.0 N/A 3.8
09/14/2015b 6980 13.6 0.28 N/A
10/27/2015 5500 6.5 0.14 N/A
11/25/2015 5640 2.0 0.15 N/A
02/04/2016 8310 3.1 N/A N/A
WBC ¼White blood cell count; CRP ¼ C-reactive protein; CEA ¼ carcinoembryonic
antigen.
a Before the day of operation.
b Consultation day.
Fig. 3. Photomicrograph of an egg detected in a Papanicolaou-stained sputum spec-
imen from the patient. The egg was ovoid in shape and golden brown in color, had an
operculum at one end (between arrowheads), and measured 85  52 mm. The eggshell
was thin on the lateral side, but the shell thickened at the non-operculated end (ar-
row). Based on the morphological characteristics of the egg, we tentatively identiﬁed
the species as a triploid form of P. westermani. Some eggs in the specimens were used
for DNA extraction and molecular identiﬁcation.P. westermani antibodies. After the initiation of praziquantel
(75 mg/kg for 3 days) treatment, his symptoms were promptly
reduced accompanied by improvements in the nodular lesion
(Fig. 2D) and peripheral blood eosinophilia. Eventually, molecular
identiﬁcation by PCR-restriction fragment length polymorphism
(RFLP) analysis and sequencing conﬁrmed that the ova were trip-
loid forms of P. westermani (Fig. 4).3. Discussion
Human paragonimiasis is a food-borne zoonosis that results
from the ingestion of raw or undercooked freshwater crustaceans
or wild boar meat infected with metacercariae. Human para-
gonimiasis requires 2 intermediate hosts: a snail, where the
embryonated eggs develop into cercariae, and a freshwater crus-
tacean (e.g., crab or crayﬁsh), where they develop into meta-
cercariae. Metacercariae are passed to the deﬁnitive host (human
being or carnivorous mammal) when the crustaceans are ingested
in an undercooked state [3]. In Japan, P. westermani and P. miyazakii
are common pathogens, and the majority of human paragonimiasis
cases are caused by P. westermani [1]. Among Japanese men, human
paragonimiasis occurs predominantly in middle- and old-aged in-
dividuals who consume wild boar meat or freshwater crab [2,3].
P. westermani exists in both diploid and triploid forms. The triploid
form of P. westermani is presumed to be more pathogenic in
humans than the diploid form [4]. The pathology of the conditions
caused by the two forms differs; triploid ﬂukesmainly form cysts in
the lungs, whereas the diploid ﬂukes cause lesions in the pleural
cavity and pleura [5]. Previously, human paragonimiasis was
endemic in Japan. However, re-emergent cases have been reported.
In a case series of 443 patients with human paragonimiasis,
Nagayasu et al. reported that the majority of the patients were
residents of Kyushu Island, and immigrants (mostly from China,
Thailand, and Korea) accounted for a quarter of the cases [3]. In this
case, although he denied obvious consumption of raw or inade-
quately cooked freshwater crab, crayﬁsh, wild boar, or deer meat,
the time of infection was likely between 13 months earlier and
10 months earlier, judging by the timing of his eosinophilia
N. Itoh et al. / J Infect Chemother 22 (2016) 815e818818(Table 1). Furthermore, since he traveled to China during that same
time, this could further support the infection time.
Patients with human paragonimiasis exhibit a wide variety of
nonspeciﬁc ﬁndings on physical examination, chest radiographs,
and CT scans. Therefore, human paragonimiasis may sometimes be
misdiagnosed as pulmonary tuberculosis or lung cancer [6]. Pleu-
ropulmonary paragonimiasis appears on radiographs as patchy air-
space consolidationwith or without cysts, ring shadows, subpleural
linear opacities, and bilateral pleural effusions [7]. High-resolution
CT ﬁndings consist of worm cysts, peripheral density, bronchial
wall thickening, centrilobular nodules, masses, and inﬁltrative
opacity [8]. Consequently, abnormal image ﬁndings often lead
attending physicians to suspect malignant lung disease or lung
tuberculosis. When these diseases are suspected, patients may be
subjected to expensive and invasive examinations.
In our patient, an accurate diagnosis of P. westermani infection
was made on discovering parasite eggs in his sputum, but the egg
detection rate (in the bronchoscopic ﬂuid, sputum, pleural ﬂuid,
stool) is very low at present, probably as a result of low-density
infections [3,9]. Thus, immunodiagnosis may be the only reliable
way to diagnose human paragonimiasis. Immunoblot tests report-
edly have a sensitivity and speciﬁcity of 96 and 99 percent,
respectively [10]. Unfortunately, immunoblot tests for the diagnosis
of human paragonimiasis are not commercially available in Japan,
so a multiple-dot ELISA for parasite-speciﬁc IgG antibodies against
12 different parasitic antigens is used. Although Nakamura et al.
reported that the sensitivity for diagnosing human paragonimiasis
is 90%, the speciﬁcity remains to be determined [9]. Moreover, a
cross-reaction may occur with multiple-dot ELISA [10,11]. There-
fore, when a patient's serum tests positive for an antigen in
multiple-dot ELISA, the reactivity of the patient's serum to the
suspected antigen needs to be conﬁrmed by a double immunodif-
fusion test in agarose (Ouchterlony method) or combinations of
binding and binding-inhibition ELISAs [12].
Morphological features of eggs such as shape, size, and shell
character can be used to distinguish between Paragonimus species.
However, the eggs of many Paragonimus species have overlapping
morphological features that make species identiﬁcation imprac-
tical. Therefore, the eggs were subjected to molecular identiﬁcation
by PCR-RFLP analysis, and they were identiﬁed as the triploid form
of P. westermani (Fig. 3). The species and forms identiﬁed by the
RFLP analyses were veriﬁed by sequencing the respective PCR
products [13]. This allowed us to conﬁrm that the ova were triploid
forms of P. westermani.In conclusion, a middle-aged man with a history of lung cancer
who had undergone a lobectomy presented with P. westermani
infection in a tertiary care cancer center. Even if patients deny
having ingested raw or uncooked food, such as freshwater crab,
wild boar, or deer meat, human paragonimiasis should be consid-
ered a possibility in the differential diagnosis for patients with
increased serum eosinophils and chest radiological ﬁndings.Conﬂict of interest
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